Abstract: A numerical model for acoustic propagation in homogeneousisotropic thermalturbulence has been developed. It has been used to show the latter'seffect on the focusing of an acoustic array.Then the possibilities for checkng aberrationsusing the time reversal technique, in the case of a frozen turbulence and then with a turbulence which evolves slowly over time are described.~T
For the in service inspection of fast nuclear reactors, the French Atomic Energy Commission is developing an ultrasonic imaging system which can be used in liquid sodium [1] . This system uses linear arrays for transmission and reception modes, and the beamforming technique in order to focus the arrays, allowing point-by-point soundings to be made on the volume to inspect. h the presence of thermal turbulence, the ultrasonic signals are affected by distortions in the acoustical paths, phase and amplitude fluctuations, which may degrade the perfommce level of the imaging system. We have developed a numerical ultrasonic propagation model, which we have used to show the effect of homogeneous isotropic turbulence on the focusing of an array and to test the possibilities of the time reversal technique in order to correct the defocusing of the array.
PROPAGATION~mULENT FLOW
We will briefly summarize the principle of the two dimensional mode] which is described in more detail in another paper presented to this Congress [2] .
The environment is represented by a large number of realizations of turbulent fields generated by the summation of a finite number of random Fourier modes [3] .
For each realization, the acoustic field created by a point source is calculated using the Gaussian beam summation method [4] which comprises several steps: ray tracing, calculation of the contribution of each ray to the acoustic pressure at the receiver point, summation of the contributions. The amplitude and phase of the acoustic signal are then available at the receiver point.
Simulations have been performed for the following conditions: ultrasonic frequency of 600~, propagation in water at an average temperature of 30°C (acoustical celerity of 1509 ds, wave length of 2.5 mm). The turbulence is homogeneous and isotropic, the spatial correlation tiction R for the temperature fluctuations T is assumed to be a Gaussian one, R( r ) = < T'*> exp( -r2L2 ), with L = 3 cm. The variable parameter is the variance W2>, and we are restricting the observation to the regime of small fluctuations.
ARRAY FOCUS~G -TME RE~RSAL TECHNIQUE
The array, comprising 6 component elements, is shown in figure 1 (left side). The same figure (right side) shows the distribution of the pressure along the acoustic focal plane (located some 50 cm from the array, so 17 L) in the case of isothermal temperature (< T'*> = O), when the 6 elements transmit signals of the same amplitude and phase. The directivity pattern exhibits a central transmission lobe and side lobes created by the array discontinui~(grating lobes). The time reversal technique has been used to correct the aberrations created by the propagation environment [5] , [6] assumed to be a non dissipating one. The mechanism kplemented by tis technique may be illustrated as follows: if a source, which is placed at a point M, transmits to the array elements, and then if each element retransmits the signal that it received, but in reversed order, then the array will be laterally focused on point M if the environment has not evolved between the emission and re-ernission phases. Figure 2 (right side) shows the result obtained when setting up the temperature field considered above (figure 2, left side), for a frozen turbulence, with point M on the array axis, in the focal plane.
To illustrate the effect of the evolution of the turbulence over time between transmission and re-transmission, two realizations RI and R2 are generated for the temperature fields T1 and T2. The transmission of M to the array is performed in realization RI, and re-transmission is performed in realization R3 for which temperature Tj is so that T3 =(1 -A)TI + L T2, with A ranging between zero and one. A degradation of the focusing properties of the time reversal method is observed when L increases. Figure 3 illustrates this for 1 = 0.2 and L = 0.5. 
